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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECENICAL NOTE NO. 1131

THE EFFECT OF ENGINE VARTABLES ON THE PREIGNITION-LIMITED
PERFORMANCE OF THREE FUELS

By Donald W. Male

SUMMARY

Freignition-limited performence data for S reference fuel,
diisobutylene, and benzens wsre obltsined with an engine-heated hot
smot on a supercharsed CFR engine at 11 sets of engine onerating
conditicns. Increases in coupression ratio, snark sdvance, coolant
temperature, or inlet-air temnerature decreased the preignition-
limited indicated mean offective prcssure of all three fuels. Changes
in the engine sneed either raisod or lowered the preignition-limited
indicated mean effsctive vpressure depending on the range of speed and
the mixture strength. At nenrly all of the operating conditions
investigated, the order of the fuels sccording to increasing
nreignition~limited performance was the seme, that is, diisobutylens,
benzens, and S reference fuel,

INTRODUCTION

In order to enhance the value of zrelgnition data obtained on
gmall-gcale engines, 1% is desirable to know how the prelgnition-
limited performances of several fuels vary (1) with dxfferent engine
conditions, (2) with different $ypes of hot spot, and (3) with engine
design. The investigations conducted on laboratory engines reported
in references 1 to 3 dezl with the fundsmental relations tnat govern
nreignition. Qther experimenta have been conducted with the alm of
predicting the preignition-limited psrformance of various fuel com-
pouents in tine service enginse. The Shell 011 Company Wood River
Leboratories (unpublisked tests) bave obtalned preignition-limited
performance deta on a full-scale single-cylinder Lycoming engine;
satigfactory mreignition-limited performsnce tests have been con-
ducted on a 17.5 engine by the Ethyl Corpcration; »reignition tests
have been made at Cleveland on a CFR engine.
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In the present 1nvestigation preignition~limited performence
Adata were obtained for three fuels under several engine conditions
attained by varying individually compression ratio, spark sdvance,
coolant temperatuxe, inlet-alr temperature, and engine speod. The
purpose of the tests, which were conducted at the NACA Clevsland
laboratory from August to November 1944, was to determine whether
the three fuelg exhibit preignition tendencies in the same order over
a wide renge of engine conditions and, at the same time, to indicate
the effects of engine conditions on prelgnit on tendencles, Because
of ‘the nusber of testes involved, the investigation was limited to
the testing of S (S-3 and S-4) reference fuel, diisgobutylene, ard
benzene, which reprssent, resrectively, the parmffinic, the olefinic,
and thne aromatic groupgs of compounds.

AFPARATUS AWD TEST PROCEDURE

The tests were nerformod on a bigh-sneed supsrcharged CFR engine
coupled to & 25-horsepower, altermating~current, cradle~type induction
dynamopeter. The snglne waz equipped with an aluminum piston, s
sodium-cooled exheust valve, and a2 cylinder zead with four
1l8-millimeter spark-plug holes. Data obtained at Cleveland on e sim-
ilar setur have shown that tihe uge of a shrouded intake valve
decrezses the gensitivity of hoi~spot temmeratures to knock for hot
spots inmtalled in the same cylinder-nead location as these in the
gubject teats, A 180° shrouded intske valve (vogition of shroud shown
in fig. 1) was thereforo installed to aild in isolating the effects
of »reirmition from tne effests of lmock. A magnetostriction plckuwn
unit instelled in the Sov spark-plug hole was used in conjunction with
8 cathode~ray oscilioscope to follow the changing nressure diagram
during advancing prelisniticn and to dete L knock., The fuel flow was
detarmined with a rotameter and the air flow was metered throuzh
gtenderd orifices. All onerating temneratures were messured with
iron-constentan thermocounles and a salf-balancing potentiometer.

In the testa presented, each of the engine variables listed.
excert oil tempsrature was individuslly verled from the Ffollowing
reference englne conditions:

Compression Xabio & ¢ ¢ ¢ ¢ ¢ ¢ o v ¢ ¢ ¢ o o o o o o o o «» T.0

Engine 8pesd, rmm ., . . - s 4 e o o e e s e 4 o o s e « & 1200

Suark advarce, degrees B T. C. e ¢ » ¢ o &« 5 o st e s s 6 s e s s 2

Tnle‘(’-all‘ tel!lperd'tu.;‘e, 0}.? . * € . - . L] « e - & . . e e« e 62:
Coolant temperabure, F ¢ ¢ & v « v o o o « o o o o 4 o & o o 283
0il temmerature, OF o . ¢ v v v ¢ o o ¢ o o s o . o . 138 to 144
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The coolant temperature was varied by using three different coolants
in the evaporative coollng system: water, a mixture of water and
ethylene glycol, and ethylens glycol.

The data were obtained with three nearly ldentical hot spots
(fig. 2) designated in the dsta plotes J-1, J-3, end J-4, Hob
spot J-1 was used to cbtain the data in figure 3 and was damaged
before more tests were run. Hot spot J-3 was therafore used to
obtain the data in figures 4 and 5. The engine was then overhauled
(Oct. 18, 1£44) and a worn exhaust-valve guide replaced. This change
apparently affected the preignition-limited sericrmence of the engine
and hot svpot J-4 wasg therefore installed to correct for the sghift in
the dats indicated by teste with S-3 reference fuel, This hot spot
wag used to complete the program. The dats of each test and the hot
gpot umed are indicated on the Tlgures.

The hot-spot design (FTig. 2) provides for a short piece of
Inconel tubing open to the cylinder and silver-scldersd %o the center
elactrcde of a snark plug. The outside diameter of the tube is
0.10 inch and the wall thickmess is 0.01i0 inch. ZExperience has showm
that e hot spot of this tyre can be used z8 a rpreizgnition source for
e large number of engine hours without noticeable deterioration and
without a significant chiange in the heat range of the hot spot.
Furthiermore, the hot spots can be easily constructed and the desired
heat range can be readily attained by adjusting the length of the
tube. The hot spot under btest was installed in the cylinder as indi-
ceted In figure 1.

Under some conditions knock was encountered before preignition,
The data teken at these conditions wsre revertheless preignition-
limited even though light, medium, or heavy knock was encountered.
These concurrentiy knoclking preignition-iimited data ere marked on
the figures with a lstter K.

An attempt was made to tesht all thrse fuels at any glven set
of engine conditions on the same day; this procedure was not always
possible. When 2 days were requlred to ovtain the data for a given
gset of conditions, either & complete curve or check points fox
5-3 reference fuel were determined on each dsy.

RESULTS AND DISCUSSION

The vaelues of preignition-limited indicated mean effective
pressure, preignition-limited iniet-air pressure, and indicated gme-
cific fuel consumption for S-3 reference fusl, benzene, and diiso-
butylene obtained under the 1l sets of engine conditions ere shown
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in figures 3 to 7 as functions of percentege of stoichiametric mix-
ture ratio., Figure 3 presents data for three compression ratios
(5.0, 7.0, and 9.0); figure 4, data for three values of spark advance
(0%, 109, and 20° B.T.C.); figure 5, date for three inlet-air temper-
atures (150°, 225°, and 200° F); figure 6, date for three coolant
temperatures (208°, 250°, and 388° F); and figure 7, data for three
engine speeds (1200, 1800, and 2400 rpm). Engine conditions for =1l
tosts are listed in table I together with corresponding figure
numbers,

In figures 3(b) and 5(c) aifferent $S-3 reference-fuel curves are
nregented for benzene and diisobutylene because in these instances
the fuels were tested on 2 days end the two S-3 reference curves dld
not coincilde.

For the range of fuel-air retios from 90 to 145 percent of the
stoichiometric mixture retio, the three fuels rated in the same order
of incregsing preignition-limited indicated mean effective mressurs,
(diisobutylene, benzene, and S-3 reference fuel) for all of the engine
conditions except with the svark timing at top center (fig. 4(a)),
where benzene and S-3 reference fuel rated ebout esquslly.

The data in figures 2 to T Indicate also the effects of varylng
the five engine test varlables on the preignition-limited perform-
ence of the three fuels. In order to check these tiends, repeat runs
on S-4 reference fusl are precented in figurcs 8 to 12. (Bocause
the supply of 8-3 reference fuel was depleted, it was necessary to
use S-4 reference fuel for these tests.) The tests with S-4 refer-
ence fuel made et the refsrence engine conditions ars roplotted
together in flgure 13 to indicate the reproducibility of preignition-
limited performance from day to day. The spread of the data of the
seversl tests ig of the same magnitude as the sdread of lnock-limited
performance checks.

In order to show more clearly the effects of different eungine
conditions ou the prelgnition-limited performsnce of the three fuels,
cross plota of preignition-limited Indicated mean effective pressure
egainst each engine variabls are presented in figures 14 to 18. The
percentage of stoichiometric mixture ratio is shown parsmetrically
on tihe figures and the lesn-mixture curves are dashed for clarity.
In each cross plot the curves for benzene and dlisobutylene (from
figs. 3 to 7) compare data from 3 days' englne operation while the
curves for S-4 reference fusl (from figs. 8 to 12) compare data From
1 dary's operation.
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The curves in figure 14 indicate that an Increase in compres-
sion ratio caused s decrease in the preignition-~limited indicated
mean effective pressures for the three fuels of approximately 7 to
12 pounds per square inch per unit change in compression ratlo for
stoichiometric mixtures.

Pigure 15 ghowas that advancing ths snark timing lowered the
preignition-limited indicated mean effective pressures for the Tuels
approximately 0.5 pound to 4 pounds per squere inch per degree of
spark advance for stoichiometric mixbuires., The largs spread of
velues 1s dus to the hehavior of diiscbubylene,, especially at or
near the stoichiometric mixture ratio.

An increase in the inlet-alr temperature (fig. 18) lowered the
preignition-limited indicated mean effective pressure for the fuels
apvroximetsely 0.1 to 0.3 pound per sguere inch per °F.

Figure 17 presents crosse plots of cooclant temperature with the
preignition~linited indicated mean effective pressures for the thres
fuels. Because the three coolanbs used have dlfferent thermal prop-
erties, the effect on the preignition~limited performances of the
fuels was not entirely due to differences in ccolant temperatuare;
water 1g known to have & higher over~-all hesb-transfer coefficlient
than ethylene glycol-water mixtures., The curves indicate thait an
increase in the coolaent tewmperature was accompanied by a decrease in
the preignition-limited indicated mean effective pressurss for the
three fusls.

The deta indicate that any change in englne conditions that
increases the compression ges tomperature or the hot-spot bemperaturs
will lower the preignition~limited performance. For exsmple, an
increase in the inlet-air temperature is eccompanied by increases in
both the compression gas temmerature snd the hot-svot temperature.,

In e similar menner, increases in compression ratio, spark advence,
or coolant temperature cause the prelgnition-limited performance
of a fuel to decrease as a resull -5f incressed compression gas tem-
perature, increased hot-~spot teunerature, or both.

The effect of engine spsed on the preignition-limited indicated
mean effective pressures of the three fusles is shown in figure 18.
The curves are all concave upward and for the stolchiometric mixtures
heve minimum points between 1500 and 2100 rum. The trends due to
chenges of engine speed. that are reported herein mey nct be repre=-
sentative of trends for engines of &ifferent design.
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Becauge the sets of engine condltions used in these tesls are
broad in scope, the conclusion is suggested thait the rating order
of different fuele is not, in genersl, altered by moderate changes
in engine conditions. It must be remembered, however, that the
three fuels tested may rerresent extremes of prelgnition-limited
verformaence with reapect to fuel composition. The task remeins of
correlating small-scale engine date with full-scele and service-
engine data before g valid preignition rating method can be estab-
lighed for small-scale englines,

The experience of the NACA Cleveland lsboratory has besen that
preignition-limited performance 1s affected to a much larger exbtent
by changes in engine and lhot-gpot desisn with regard to cooling than
by changes in fuel composgition. Most fuels can be made to preignite
by ueing = suitable hot spot, but surfece ignition does not occur in
en angine whose component parts ere sufficierntly cooled. The %zsk
of eliminstving preignition difficulties in serv.ce engines, thereiore,
will probatly be sccomplished by improved engine design rather than
by controlled fuel comnosition. Commounds causing low areiznition-
limited performances should, however, be avoided in fuel menufecturse.

SUMMARY OF RESULTS

The following results were obteined from preignition tests on
three fuels with = supercharged CFR ensine under 11 sebls of onerating
conditions attained by varying individually commressicn ratio, sperk
edvance, coolant temperature, inlet-alr temrerature, and engine apeed:

1. The order of the fuels, according to increasing preignition-
limited indicated mean effectlve pressure, at nearly all operating
conditions investigated was the sawe, that 1s, diiscbubtylene, bpencene,
and S reference fusl,

2. Increases in compression ratlo, spark advance, coolant tem-~
perature, or inlet-alr tempsrature decreased the vreignition-limited
indicated mean effective pressure of all three fuels. Chances in
engine speed elther raised or Yowered the preignition-limited indi-
cated mean effective pressure depending on the ransge of speed and
the mixbure strength.

Aircraft Engline Research Laboratory,
Natlional Advisory Commitiseo for Aercnautics,
Uleveland, Ohlo, February 3, 1945,
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TABLE I - ENGINE CONDITIONS AND CORRESPONDING FIGURE NUMBERS

i Engine conditions Figures
Com- [Sparkt [Inlet-|Cool-{Engine|S-3, |[S-4iRepro-iCross
Trea-| advanceair ant apesed |ben~ duci~ |plois
sion }(deg tem- jtem- |(rpm) |zeuns, bility|of S-4,
ratio|B.T.C.) |pera- |pere- and of benzens,
ture Ture diiso- data jand 4di-
(°Fy  1(°F) butyl- isobu-
exne tylene
5 2C 225 250 | 1800 | 3{a) 8 14
7 | (b) 8] 13 14
9 (c) 53 14
7 0 228 250 | 1800 i 4(a) g 15
12 (p) 9 C15
G ()| 9] 13 | 15
T 120 150 250 | 1800 | 5{a) | 1C 118
§ 225 () | 10} 13 18
[ 00 (c) | 10 15
7 20 225 238 | 1800 ) €(a) | 11 17
' 250 (b)Y | 2 13 17
t 3688 (¢) | 11 17
b7 } z0 225 25¢ | 1200 | 7(a) | 12 13
1306 i (b) 127 13 18
; 2405 (c) } 12} 18

Naticnal Advisory Committee
for Aerongutics
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Flgure 1, - Schematic diagram of CFR cylinder showing position of spark plugs, hot EPOt, -
plckup, and shrouded intake valve, '




Figure 2. - Sketch of open-tube hot spot used in tests.
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